Virus can be adsorbed from effluents of sewage treatment plants on largesurface membranes. Subsequent elution of virus requires large volumes, which in turn requires reconcentration of virus for assay. However, reconcentration of such viral eluates on small adsorbent surfaces is difflcult because certain soluble sewage components are adsorbed along with the virus on the initial virus adsorbent and are removed along with the virus by the eluent. Upon acidification of the initial eluate to reconcentrate the virus on smaller membrane surfaces, flocs are formed that interfere with the reconcentration process. To circumvent this problem, the interfering sewage components can be removed by activated carbon and ion-exchange resins. The virus is then readily reconcentrated on small membranes.
We have previously reported on the detection of small numbers of viruses in large volumes of water that was relatively free of organics (5, 6) . Reconcentration of these viruses, which were adsorbed to a large surface area, could be performed by elution of the virus off the virus adsorbent with a basic buffer and reconcentration of the eluted virus on a small surface membrane (5, 6) . Under these conditions, hundreds of gallons of test sample could be reduced to a final eluate of 10 to 20 ml with 75 to 100% of the initial virus contained therein.
In the case of sewage we have reported concentrating viruses from 30-gallon (ca. 114-liter) amounts, but until recently we did not find it necessary to reconcentrate the adsorbed virus, since relatively large amounts of virus were already present in the eluate (2) . However, interest in detecting small numbers of virus in recycled or reclaimed waters, as well as in determining the efficiency of different disinfection methods (e.g., chlorination, ozonation, etc.), now requires the detection of small numbers of virus in large volumes of organic-matter-laden water. Thus, reconcentration of eluates is required; such eluates contain heavy organic loads as well as precipitable materials that impede flow rates and efficient readsorption of viruses to small membrane surfaces. Therefore, this study was conducted to delineate the optimal parameters for reconcentration of viruses isolated from sewage on large-surface virus adsorbents.
MATERIALS AND METHODS
Virus. Type 1 poliovirus (strain LS) was used as a model agent and added to sewage as described in the text and tables. The virus was grown in BSC-1 cells and assayed in these cells by the plaque-forming unit method as described in detail elsewhere (4) .
Virus concentrator. Viruses added to sewage effluent were concentrated by a virus concentrator that was developed by Wallis et al. (7) and that is now available commercially from the Carborundum Co. (Niagara Falls, N.Y.) as the Aquella virus concentrator. In brief, effluent sewage is passed through a series of clarifiers to remove solids, and then the clarified effluent is treated in-line with acid and AlCl3 to attain a pH of 3 Table 2 .
At pH 9.0 or higher, a range at which aluminum and ferric hydroxide are soluble, the turbidity was minimal. As a Forty liters of sewage effluent was processed through the virus concentrator. The K-27/293-mm virus adsorbents were treated with 2 liters of pH 11.5 glycine buffer to elute virus. This eluent also elutes organic compounds. The pH 11.5 eluate was then adjusted to the levels indicated with 1 N HCl, and 50-ml samples were obtained. All samples were allowed to stand for 30 min before measuring turbidity. To indicate that the precipitates formed by acidification of the eluate were due to trivalent ions, a sample of the pH 11.5 eluate was treated with EDTA at a final concentration of 0.005 M and then adjusted to pH 3.5. A portion of this sample was then treated with 0.0005 M AlCl3 to simulate the requirements for reconcentration of virus on a membrane surface. 47-mm virus adsorbent and allowing the virus to pass into the filtrate instead of being concentrated on the membrane. Therefore, removal of the organics was still required. Virus loss on the carbon columns was reduced by the addition of EDTA to eluates at a final concentration of 0.01 M. When eluates seeded with virus were passed through charcoal beds without solubilizing the precipitates with EDTA as described above, virus was removed (from 10 to 60%). When the pH of the eluate containing virus was adjusted to pH 10 and EDTA at a final concentration of 0.01 M was added, no significant loss of virus occurred after passing through the charcoal bed. Therefore, the capacity of charcoal to remove the organics present in virus eluates as measured at 254 nm was determined.
A 50-g amount of 50-mesh BPL-grade charcoal was loaded into a column (4 by 100 cm) and washed with pH 10.0 glycine buffer until the effluent measured pH 10. The virus eluate described above at pH 10 containing 0.005 M EDTA was passed through the charcoal, and serial effluent samples were monitored at 254 nm for organic levels and assayed for virus. The capacity of this charcoal to remove organic compounds in the eluate is shown in Table 5 . Since an organic breakthrough occurred between 600 and 700 ml, a formula may be derived as follows. For each 0.200 absorbance unit of eluates at 254 nm, 50 g of charcoal is required per 700-ml sample, or volume (milliliter) x absorbance at 254 nm x 0.36 = grams of carbon required.
Since the EDTA added to the eluates can chelate the metal ions required to enhance viral adsorption to small membranes, it must be removed or its effects must be negated. Although the effects of EDTA can be reduced by the addition of 0. a The pH 11.5 eluate described in Table 2 was adjusted to pH 5.0 to attain a maximum precipitate, as described in Table 2 . The JTU of this control sample was recorded. Numerous samples of this precipitated eluate were then treated with final concentrations of EDTA as indicated, and the JTU was scored accordingly. (i) Sewage effluent is passed through the virus concentrator as previously described (7).
(ii) Adsorbed virus is eluted from the K-27/ 293-mm Cox filters using 2,000 ml of pH 11.5 glycine. The eluate is immediately neutralized by collection in pH 2 glycine.
(iii) While the neutralized eluate is being continuously stirred, 0.1 N NaOH is slowly added until pH 10 is reached. The absorbance at 254 nm is measured, and the amount of carbon required is determined. The carbon is washed with pH 10.0 glycine until the pH of the effluent reaches 10.0.
(iv) EDTA is added to produce a final concentration of 0.01 M. The eluate is then passed through a carbon column at 200 ml/min. a A 390-liter amount of sewage effluent was processed through the virus concentrator using a 39-R clarifier and a K-27/293-mm Cox filter series. The filters were treated with 3,000 ml of pH 11.5 glycine, and the resultant eluate was neutralized with pH 2 glycine. The neutralized eluate was seeded with virus and adjusted to pH 10.0, and the absorbance at 254 nm was determined. EDTA was added to produce a final concentration of 0.01 M, and the eluate was passed through the carbon column. The absorbance at 254 nm was determined, and the eluate was passed through the Dowex 1X-8 column. The amounts of carbon and Dowex were determined using the formulas described in the text. The treated eluates were adjusted to pH 3.5 and 0.0005 M aluminum chloride and then passed through a series consisting of 3.0-, 0.45-, and 0.25-,um Filterite filters in 47-mm holders. Virus was eluted from the filters with 25 ml of pH 10.5 glycine, and the eluate was neutralized with pH 2 glycine. PFU, Plaque-forming units.
I Mean, 40%. DISCUSSION During concentration of virus from water using the Aquella virus concentrator, organic compounds and metal ions may also be concentrated. When relatively clean water is processed, the virus eluted from the primary virus adsorbents can be reconcentrated onto smaller membranes with no difficulty (3, 5, 6) . However, reconcentration of eluates from filters used to process sewage effluents may pose a problem. The organic compounds and metal ions form flocs at low pH and rapidly clog small filters used for reconcentration. Removal of the flocculation problem with EDTA produces a problem of interference with virus adsorption to the smaller filters. However, removal of the organic compounds by treatment with carbon and ion-exchange resin permits reconcentration on smaller filters. This procedure yields a final volume of approximately 40 ml with a mean recovery of 40% of the virus initially present in the eluate.
Since most of the organic compounds in the eluate are removed by the carbon and anionexchange resin, a relatively clean final concentrate is obtained. This is a further advantage if components that are toxic to the cells used for viral assays or that interfere with virus adsorption to the assay cells are concentrated with the virus during the initial adsorption and elution steps.
